REMARKS 

This Preliminary Amendment cancels the original claims, without prejudice, in the 
underlying PCT Application No. PCT/DE03/00703. The Preliminary Amendment also adds new 
claims 9-19. The new claims conform the claims to U.S. Patent and Trademark Office rules and 
do not add new matter to the application. 

In accordance with 37 C.F.R. § 1.125(b), the Substitute Specification (including 
the Abstract) contains no new matter. The amendments reflected in the Substitute Specification 
(including Abstract) are to conform the Specification and Abstract to United States Patent and 
Trademark Office rules or to correct informalities. As required by 37 C.F.R. §§ 1.121(b)(3)(ii) 
and 1.125(c), a Marked-Up Version of the Substitute Specification comparing the Specification 
of record and the Substitute Specification also accompanies this Preliminary Amendment. 
Approval and entry of the Substitute Specification (including Abstract) are respectfully 
requested. 

The underlying PCT Application No. PCT/DE03/00703 includes an International 
Search Report, dated July 4, 2003, a copy of which is submitted herewith. 

Applicants assert that the subject matter of the present application is new, non- 
obvious, and useful. Prompt consideration and allowance of the application are respectfully 
requested. 

Respectfully submitted, 
KENYON & KENYON 

Dated : 3^A^ By: ILi^Vftfr 

Richard L. M&^er 
(Reg. No. 22,490) 

One Broadway 

New York, NY 10004 
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MICROMECHANICAL COMPONENT AND METHOD 



Background Informatio n F/i/^ Of The Invention 

The present invention is directed to a micromechanical component and to a method according 
to th e speci e s defin e d in th e alt e rnativ e independent claims . 

Background Information 

Getter materials of porous metals are generally known which are used for binding gases in 
closed systems. The task at hand is to enclose a low pressure in such a closed system, such as 
a hollow space, for example, this pressure approaching vacuum pressure. Getter materials can 
be used to bind the entrapped gases and, in this way, greatly reduce the pressure. The 
disadvantage associated with the known getter materials is that the process for producing 
such materials is not suited for a semiconductor manufacturing process. Another 
disadvantage associated with the known getter materials is that they are not suited for 
semiconductors. 



Summary e &the Of The Invention 

In contrast, the advantage of the micromechanical component and of the method having th e 
f e atur e s of the alternative independent claims is that the getter material provided is made of 
porous silicon. This porous silicon may easily be integrated into an existing semiconductor 
process. Moreover, the porous silicon is also very suited for semiconductors. It is also 
beneficial that the porous silicon is provided as an inexpensive getter material. Porous silicon 
binds oxygen (02), for example, by forming silicon dioxide already in response to low 
temperatures. This eliminates the need for heating the component to high temperatures, as, 
for example, in a high-temperature annealing process, in order to activate the getter material 
in the form of porous silicon. In addition, it is advantageous that the porous silicon may be 
easily integrated into semiconductor processes, such as CMOS, BCD and the like, for 
example, and that the porous silicon may be used as getter material, for example, when 
encapsulating sensors, in order to minimize the enclosed pressure. It is also advantageously 
provided in accordance with the present invention to use porous silicon to produce a large 
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surface area, in particular of up to over 1000 m 2 per cm 3 , to achieve highly effective getter 
characteristics. 

Advantag e ous e mbodim e nts of th e micromechanical compon e nt and of the method recited in 
5 the alternative independent claims and improv e m e nts th e r e to ar e mad e possibl e by th e 

m e asur e s s e t forth in the depend e nt claims. It is especially beneficial that a first substrate and 
a second substrate are provided, an intermediate layer being provided between the first and 
the second substrate. In this way, using especially simple means, such as wafer bonding, it is 
possible to imperviously join together the first substrate and the second substrate, thereby 

10 producing the hollow space. It is also advantageous that the first and the second substrate are 
joined to one another in such a way that they are hermetically sealed at the intermediate layer. 
To this end, it is advantageously possible in accordance with the present invention to retain 
the vacuum provided by the getter material in the form of porous silicon, in the hollow space. 
It is also beneficial that a first substrate and a membrane are provided, the hollow space being 

15 provided between the membrane and the first substrate, and the region of the porous silicon 
being provided in the first substrate. This makes it possible to manufacture an absolute- 
pressure sensor, for example, in a simple manner, which delivers a precise measuring result 
already in response to low pressures to be measured, because the pressure to be compared is 
very low in the interior of the hollow space. 

20 

Brief Description of th e Drawin g Q/' The Drawings 

Ex e mplary embodim e nts of th e pr e s e nt invention ar e repr e s e nt e d in th e drawing and are 
e xplain e d in gr e at e r d e tail in th e d e scription b e low. 

25 Sp e cifically shown in: 

Figure 1 is a diagrammatic sketch of the micromechanical component according to the 
present invention^. 

Figure 2 is a first specific embodiment of the micromechanical component^. 

30 

Figure 3 is a second specific embodiment of the micromechanical component according to 
the present invention^. 

Figure 4 is a third specific embodiment of the micromechanical component according to the 
35 present invention ; and in . 
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Figure 5 is a fourth specific embodiment of the micromechanical component according to the 
present invention. 

5 Detailed Description 

In the manufacturing of micromechanical components or micromechanical elements, such as 
acceleration, rotation-rate, or pressure sensors, a hollow space having an enclosed vacuum is 
often required. In all of the figures, reference numeral 10 denotes the hollow space. Such 
hollow spaces or volumes 10 may be produced in different ways. For example, a recess may 

10 be produced by etching. In a subsequent step, a second substrate 30 is bonded to a first 

substrate that has been pretreated in such a manner, various methods being used here as well, 
such as, in particular, seal-glass bonding, wafer direct bonding, or anodic bonding. It is also 
provided in accordance with the present invention to bond or solder first substrate 20 to 
second substrate 30. These bonding processes are mostly carried out in a vacuum. The reason 

1 5 for this is that it is necessary for a vacuum to prevail in hollow space 10 after it is 

hermetically sealed. Often disadvantageously associated with the bonding processes is, 
however, that they, by nature, are often themselves associated, with an evolution of gas, so 
that the internal pressure of hollow space 10 cannot be arbitrarily reduced. For that reason, 
before hollow space 10 is sealed, in accordance with the present invention, a getter material is 

20 introduced into volume 10 to be occluded or contiguously thereto, the forming gases being 
bound by the getter material, and the pressure prevailing in hollow space 1 0 being able to be 
reduced. In accordance with the present invention, exclusively porous silicon is provided as 
getter material. This porous silicon is shown in all figures as a region of porous silicon 
denoted by reference numeral 1 1 . In accordance with the present invention, when porous 

25 silicon is used as getter material, it is advantageous that only low temperatures are needed to 
activate the getter property. Such low temperatures can be easily integrated into 
semiconductor processes. This means that it is possible to activate the porous silicon as getter 
material, even after the semiconductor components are manufactured, it being necessary to 
consider that, typically, finished semiconductor components have a lower temperature 

30 resistance than the pure semiconductor material used for its manufacture. The oxygen may be 
bound, for example, to the very large surface area of porous silicon 1 1 . Porous silicon dioxide 
is then formed from the gaseous oxygen and the porous silicon. 

One particularly advantageous field of application of the method according to the present 
35 invention and of the micromechanical component according to the present invention is using 
the porous silicon as oxygen getter, for example during anodic bonding, the anodic bonding 
denoting a bonding of silicon, in particular of silicon wafers, for the most part using sodium- 
containing glass. In this process, oxygen is formed at the bonding surface, and diffuses into 
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the hollow spaces and, in particular, into hollow space 10, and may be bound in hollow space 
10, i.e., in cavity 10 by getter materials, such as, in particular, by porous silicon 1 1 according 
to the present invention, in order to produce a lowest possible pressure in hollow space 10 or 
in cavity 10. The anodic bonding is carried out at an elevated temperature in accordance with 
5 the present invention of, for example 400°° C, at which the porous silicon is reactive and at 
which the corresponding oxygen binds right in the same process. The getter action of the 
porous silicon or of the region of porous silicon 1 1 may be intensified in a subsequent 
optional annealing process. 

10 In seal-glass bonding, as well, oxygen is formed, inter alia, which may be bound, thereby 
enabling the internal pressure in hollow space 10 or in cavity 10 to be at least partially 
lowered. Other gases besides oxygen, which are likewise formed during seal-glass bonding, 
may, however, likewise be adsorbed at the very large surface area of the porous silicon and, 
thus, also reduce the pressure. 

15 

The porous silicon may also be advantageously used in accordance with the present invention 
as getter material in a silicon fusion bonding process, high temperatures of about 1000°° C 
being reached during this process, the porous silicon not being destroyed, however. 

20 Figure 1 shows a diagrammatic sketch of the micromechanical component according to the 
present invention. In an enclosed volume, also designated as hollow space 10, at any desired 
surface area, i.e., at any desired location adjoining hollow space 10, a region of porous silicon 
1 1 is provided, the micromechanical component according to the present invention having a 
first substrate 20 and a second substrate 30, first substrate 20 being joined to second substrate 

25 30 and an intermediate layer 25 being provided between substrates 20, 30. In accordance with 
the present invention, first substrate 20 is provided, in particular, as a silicon substrate, and 
second substrate 30 is likewise provided, in particular, as a silicon substrate. In the 
diagrammatic sketch of Figure 1, the region of porous silicon 1 1 is provided in second 
substrate 30. When second substrate 30 is provided as the silicon substrate, region 11 of 

30 porous silicon may be produced quite simply by etching into the silicon material of second 

substrate 30. When bonding first substrate 20 to second substrate 30, it is especially provided 
in accordance with the present invention to carry out a wafer bonding method or a wafer 
bonding method step, intermediate layer 25 being provided, for example, as sealing glass. 

35 Figure 2 shows a first specific embodiment of the micromechanical component according to 
the present invention. The component includes first substrate 20, which has a 
micromechanical structure 200. To produce the micromechanical structure, a sacrificial layer 
21, for example in the form of a sacrificial oxide 21, is provided in first substrate 20. A 
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functional layer 22, constituted, in particular, of an epi-polysilicon layer, is also provided in 
first substrate 20 in the component according to the present invention, to produce 
micromechanical structure 200. In this functional layer 22, micromechanical structure 200 
includes resonator structures, for example. Also shown in Figure 2 is second substrate 30, 
5 which includes region 1 1 of porous silicon. When first substrate 20 is joined to second 

substrate 30 at a bonding layer 26, hollow space 10 is formed by the structuring of substrates 
20, 30. The region of porous silicon 11, which adjoins hollow space 10, is provided in second 
substrate 30. Micromechanical structure 200 forms, in particular, an acceleration or rotation- 
rate sensor. Bonding layer 26 includes, in particular, sealing glass. 

Figure 3 shows a second specific embodiment of the micromechanical component according 
to the present invention. In this case, first substrate 20 is shown in the upper region of Figure 
3. First substrate 20 is also referred to as sensor substrate. In first substrate or on first 
substrate 20, micromechanical structure 200 is produced, to this end, a sacrificial layer 21 and 

15 a functional layer 22, in particular of epi-polysilicon, again being provided. In the second 
specific embodiment, a composite wafer is provided, in particular, as a second substrate 30, 
the composite wafer being composed of actual second substrate 30 and of another bonding 
layer 27, other bonding layer 27 being joined, in particular, as a Pyrex glass layer, to actual 
second substrate 30. In this respect, together with second substrate 30, additional bonding 

20 layer 27 forms the composite wafer. In the composite wafer, a region of porous silicon 1 1 is 
provided, as is a so-called shield electrode 50. Shield electrode 50 is needed, in particular, to 
protect the resonator structures of the functional layer during anodic bonding. In response to 
application of a voltage, which is required for the subsequent anodic bonding, the resonator 
structures are pulled upwards by electrostatic forces and bonded to substrate 20. Shield 

25 electrode 50 is partially open, so that at the edge or at locations where no resonator structures 
of micromechanical structure 200 are provided, a connection is established between hollow 
space 10 and the region of porous silicon 11. This opening of the shield electrode is denoted 
in Figure 3 by reference numeral 51. Thus, volume 10 to be evacuated, i.e., hollow space 10 
is joined to the region of porous silicon 11. 

30 

Figure 4 shows a third specific embodiment of the micromechanical component according to 
the present invention. In the third specific embodiment, the region of porous silicon 1 1 in first 
substrate 20 is produced prior to application of sacrificial layer 21 or of functional layer 22. 
The sequence of layers illustrated in Figure 4 is derived herefrom: initially first substrate 20, 
35 followed by the region of porous silicon 1 1, (etched-away) sacrificial layer 21, and, 

subsequently thereto, functional layer 22. The region of porous silicon 11, which is first 
produced in first substrate 20 in the third specific embodiment of the micromechanical 
component according to the present invention, is initially covered when micromechanical 
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structure 200 is produced, by sacrificial oxide 21, i.e., sacrificial layer 21, and subsequently 
also by functional layer 22. By etching away sacrificial layer 21 to uncover micromechanical 
structure 200, the porous silicon, i.e., the region of porous silicon 1 1 is exposed again and, 
thus, activated. 

Both in Figure 3, as well as in Figure 4, i.e., in the second specific embodiment and in the 
third specific embodiment of the component according to the present invention, it is provided 
very advantageously in accordance with the present invention for micromechanical structure 
200 to represent an acceleration sensor or a rotation-rate sensor, this being provided, in 
particular, in the micropackage technology (MPT) illustrated in the figure. 

Figure 5 shows a fourth specific embodiment of the micromechanical component according 
to the present invention. The fourth specific embodiment represents an absolute-pressure 
sensor having porous silicon as getter material for producing a low internal pressure in 
hollow space 10. The region of porous silicon is denoted, in turn, by reference numeral 1 1 
and is situated in first substrate 20. In addition, in accordance with the fourth specific 
embodiment, the component according to the present invention includes a sacrificial layer 21 
on first substrate 20, upon which a membrane 60 is provided. The top side of membrane 60, 
which is shown in the top part of Figure 5, is subject to the ambient pressure of the pressure 
sensor, and an especially low internal pressure, produced by getter material 1 1 , prevails in 
hollow space 10. A bending of membrane 60 as a function of the external pressure conditions 
is detected by sensor elements (not shown in Figure 5) in the area of membrane 60, and is 
converted into electrical signals. 
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Abstract Of The Disclosure 
A micromechanical component and a method for producing a micromechanical component 
are proposed, a hollow space (10) and a region of porous silicon-^44) being provided, the 
region of porous silicon (11) being provided for lowering the pressure prevailing in the 
5 hollow space-(+©). 
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